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SUMMARY 
Fifteen expert handlers and 15 novice workers were invited to 
perform series of box transfers under conditions similar to 
those of large distribution centres. The tasks consisted of 
transferring 24 boxes of 15 kg  from one pallet to another at a 
free lifting pace and at a forced pace of 9 lifts/min for a total 
of 240 lifts. The participants were instrumented in such a way 
that a dynamic 3-D linked segment model was used to 
estimate the net moments at L5/S1. The results clearly show 
that the experts bent less their lumbar spine and are closer to 
the box than novice workers, but the L5/S1 moments were 
comparable. 
  
INTRODUCTION 
Manual material handling (MMH) is considered a hazardous 
activity, particularly for the lower back. Ergonomic 
observation studies [1,2] show that handlers with several years 
of experience have developed techniques that are different 
from novice workers and that these techniques can serve to 
improve the content of training programs. A few 
biomechanical studies compared the work techniques of 
experienced and novice workers. Gagnon [3] published a 
summary of experts’ strategies that were shown as 
biomechanically safer. For instance, the experts’ manoeuvres 
on the boxes (grips and tilting) greatly reduced the mechanical 
work and slightly decreased back loading. It is hypothesised 
that comparing experts with novices would help to identify 
some essentials elements for safe manual handling practices 
[3]. The purpose of this study was to further compare the 
techniques of expert and novice manual handlers in a transfer 
of boxes from one pallet to another. 
  
METHODS 
Fifteen expert handlers (age: Mean = 38.1 yrs, SD = 9.8 yrs; 
years of experience:  Mean = 15.4 yrs, SD = 9.3) and 15 
novice workers (age: Mean = 25 yrs, SD = 5.9 yrs; years of 
experience:  Mean = 0.5 yr, SD = 0.4), all men, were invited to 
perform series of box transfers under conditions similar to 
those of large distribution centres. The tasks consisted of 
transferring 24 boxes of 15 kg (box dimension: 26cm deep x 
35cm wide x 32cm high) from one pallet to another at a free 
lifting pace for 2 sets (back and forth) immediately followed 
by 3 sets at a forced pace of 9 lifts/min for a total of 240 lifts 
(96 lifts at free pace and 144 at forced pace). The boxes were 
stacked straight up in 4 layers of 6 boxes: three boxes in the 

front and three in the back (Figure 1). The distance between 
the two palettes was 1.65 m. The handlers were free to choose 
their lifting techniques and there was no restriction on how to 
move. The subjects were instructed about the importance of 
reproducing the technique that they normally used in their 
work. 
 
The participants were instrumented in such a way that a 
dynamic 3-D linked segment model was used to estimate the 
net moments at L5/S1. This model [4] calculates the net 
moments on the basis of external forces, the kinematics of 
body segments and anthropometric data. Since the quantity 
was significant, it was decided to analyse only the last transfer 
(going) of 24 boxes for the free and forced pace conditions. 
Each handling was broken into two main execution phases: the 
lifting and the deposit phases. The independent variables 
considered were expertise (expert vs novice), box height 
(ground, 32 cm, 63 cm, 95 cm), box horizontal distance (close, 
far) and pace (free, forced). Only the principal results relating 
to the differences between experts and novices will be 
presented here. 
 
RESULTS AND DISCUSSION 
Lifting phase: Peak L5/S1 resultant moment during the lifting 
phase was not significantly different (P > .05) between expert 
(Mean =168 Nm, SD = 64 Nm) and novice handlers (Mean = 
184 Nm, SD = 64). However, there was a significant 
interaction with height (P < .01), experts having less L5/S1 
resultant moment than novices at higher height. Mainly 
posture-related variables showed significant difference 
between experts and novices at the time of the peak resulting 
moment. Firstly, the lumbar flexion angle was significantly 
smaller (P < .05) for the experts (Mean = 30° SD = 21°) than 
for the novices (Mean = 39°, SD = 24°). Secondly, the experts 
bent their knees more than the novices (experts: Mean = 38° 
SD = 29°; novices: Mean = 31°, SD = 24°) but it was 
significant only when the boxes were picked at low level 
(significant interaction: Expertise x Height P < .01). Finally, 
the horizontal distance between the box and the L5/S1 joint 
was significantly shorter (P < .01) for the expert (Mean = 0.38 
m SD = 0.07) than the novices (Mean = 0.42 m SD =0.10). 
There was no interaction between expertise and pace (P >.05). 
 
Deposit phase: The results were similar during the deposit 
phase, experts having less L5/S1 resultant back moment but 
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not significantly different (P < .08) from the novices. Lumbar 
flexion was significantly less for the experts (P < .05) as the 
horizontal distance between the box and the L5/S1 joint at the 
instant of the peak resultant moment. However the knees 
flexion did not differ significantly between both groups. 
 
The results showed that the experts bent less their lumbar 
region and more their knees (when the box is low). Also they 
brought the box closer to their trunk. Figure 2 illustrates the 
difference in posture between an expert and a novice during 
lifting. However, despite these differences in posture, back 
loading was not significantly different between both groups. 
These results are not different from those obtained from a very 
different work context [4] where muscle fatigue was strictly 
controlled, which emphasizes the robustness of this lifting 
technique. 
 
Several authors [5,6] have recommended the avoidance of 
extreme postures mainly in flexion. Experts bent their lumbar 
spine but less than novices. It appears that our expert handlers 
stay inside a margin of safety which protects their spine by 
avoiding extreme flexion posture. A safety margin for any 
handler could be important in the case of fatigue or 
unanticipated events. For training programmes, these results 
may alert instructors to put more emphasis on the role of 
keeping a margin of safety for the spine during MMH tasks. 
 
CONCLUSIONS 
The results clearly show that the experts bent less their lumbar 
spine and are closer to the box than novice workers. Experts 
also bent more their knees particularly when the box is low. 
Therefore, the handler’s posture is a major aspect that should 
be considered during maximum back loading. 
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Figure 1. Illustration of the experimental set-up. 

 

                                        Figure 2. Example of posture adopted by an expert (right) and a novice (left) handler.    


